Abstract. The Strategy of the European Association of National Metrology Institutes (EURAMET) defines the key directions for the development of regional and national metrology systems, taking into account current trends in the development of science, technology and needs of society and economies. The Strategy notes that due to the complexity and large scale of tasks their solutions is possible only by uniting the efforts of a number of countries and with regard to cost optimisation. In recent years, economic criteria hold an important place among the choice criteria for optimal ways for development of national metrology systems of member countries of Euro-Asian Cooperation of National Metrological Institutions (COOMET). There is a growing interest in research and development of methods for quantitate assessment of the economic feasibility of a particular options of implementation of the general strategy with regard to the primary measurement standards of the units of physical quantities at national, regional and international levels. This paper substantiates methodology and presents new algorithms for the evaluation of economic feasibility and cost optimisation for financing metrological activity, such as, for making a decision on the creation or improvement of the national primary measurement standards.
Introduction
The documents of EURAMET Strategy [1, 2] represent the key areas of the metrological activity that define requirements to be met by national and international metrology systems, taking into account current trends and prospects in development of global economy, science, and technology. To substantiate the choice of the best development option in terms of a particular metrological system within the framework of this strategy, it is necessary to carry out a comparative analysis of possible options for such a system (including a national measurement standards) in order to establish compliance with the requirements (criteria) for the areas of activities indicated in [1, 2] . Such tasks are typical not only for metrology, but also for many other fields of activity; to solve them, a risk-based approach [3] , a method of analyzing the Saaty hierarchies [4] , etc. are often used that operate the quantitative data characterizing the degree to which a particular option meets the considered criteria. In the general case, these data can be obtained either on the basis of expert evaluations or by calculations, if appropriate methods are available for such calculations. Among the criteria reflecting compliance with the considered areas of activity, an important place, according to [1, 2] , is occupied by criteria characterizing the economic feasibility of financing the development of metrological systems both at the international and national levels. In this regard, it should be noted that the economic aspects of metrology have long become one of the major research areas in many national metrology institutes. In particular, an extensive NIST program devoted to the study of the influence of metrology on the national economy is known [5] , and similar studies are being systematically carried out in many other developed countries in the scientific, technical and economic fields [6] . This task remains relevant at the present time, since most of works on addressing metrology and economics problems that have already been completed or are in process concern only the determination of the integral economic effect from the financing of metrology, which manifests itself as an increase in profits for the economy as a whole or for its individual branches. These works are usually based on the collection and analysis of statistical data characterizing the costs for metrology and the corresponding profit for the already achieved results of production activities that generally cannot serve as a reliable basis for planning, which requires special forecast evaluations. Such evaluations should also be used when specifying action plans for the implementation of the strategic objectives, in particular, the actions aimed at improving measurement standards in connection with redefinitions of SI units.
Methodology
From the above mentioned it is obvious that the overall result of financing the metrological activity depends on the results achieved from investing in the development (provision of functioning) of the individual elements of which the metrological system consists as a whole (measurement standard base, verification and calibration laboratories, etc.). Therefore, for the purposes of forecasting and substantiating decision-making related to the improvement of metrological systems, it is extremely important to use methods for quantitative evaluation of the economic feasibility of investing in a certain type of metrological activity (creating and equipping metrological laboratories for verification and calibration of measuring instruments, creating and maintaining the national measurement standards, implementation of procedures ensuring the recognition of the national measurement standards at international level, etc.). Within the framework of this particular approach, it is possible, if necessary, to take into account the mutual influence of certain elements of the metrological system on its functioning, that has been developing in recent years at the National Scientific Centre "Institute of Metrology", which performs the functions of the national metrology institute (NMI) of Ukraine. A number of results obtained using this approach have already been discussed at CIM2015 [6] . This paper presents new information on the methods of quantitative evaluation of the economic feasibility of investment in various forms of metrological activity developed using this approach, including activities aimed at creating and improving the primary measurement standards, and describes algorithms for taking into account the effect of inflation processes on the results of such an evaluation. In the general case, which is considered below, the purpose of investments may be in increasing the capabilities of the enterprise (laboratory) as a result of the creation (or purchase) and commissioning of new metrological equipment (including the reference one) or in expanding the scope of accreditation of this enterprise for performing additional metrological works, or in implementing measures to ensure international recognition of the results of metrological works performed by the enterprise (laboratory), etc. The main idea of the discussed algorithms is to compare at least two alternative options, for each of which total costs balances (which are determined as expenses minus revenues) corresponding to a certain (the same for the considered options) time interval N YEARS are estimated. The scope of work of the enterprise (laboratory) and, consequently, the costs balances for each option are assumed to be different. As a more efficient (recommended) investment option, one is chosen for which the total costs balances for N YEARS are the smallest. That particular one is proposed for practical implementation in the enterprise (in the laboratory).
Let's consider the time interval N YEARS , during which some type of metrological activity (not specified yet) is performed at an enterprise (in a laboratory). To simplify the presentation, we will consider only two alternative options of the scope of this activity; first we will neglect the change in the value of money over time (due to inflation factors) and then generalize the results obtained by introducing discounting factors into consideration similarly to [8] ). Option 1. There are have not been any changes in the activity of the enterprise during all N YEARS . The costs balance (expenses minus revenues for N YEARS ), which for this option is designated as B 1 , is described by the formula:
where E 1 and R 1 -annual expenses and revenues of the enterprise. It is assumed that in the absence of changes in activity, the annual balance of expenses-revenues also does not change. 
where E 2INV and R 2INV -annual expenses and revenues at the investment stage, which are considered to be unchanged for N INV years; -a stage of operation (during the subsequent N OP years, where N YEARS = N INV + N OP ) of possibilities emerged due to the expansion (change) of the area of metrological activity. At this stage, the balance B OP (expenses minus revenues for N OP years), also with the annual expenses and revenues unchanged during N OP years, is determined by the same formula:
where E 2OP and R 2OP -annual expenses and revenues at the operation stage. By combining together two stages, we obtain the full costs for the second option: 
It should be noted that the exceedance value of the righthand side of inequality (5) 
Thus, we obtained the condition (5) of the economic feasibility of investments in the expansion (change) of the metrological activity of the enterprise (laboratory) and the evaluation (7) of the payback period of investments in conditions where the value of money does not change (inflation is absent). Let's summarize the results for those conditions when an account of the effect of inflation is necessary. Inflation will be taken into account by introducing a discount factor to the annual expenses and revenues in accordance with the general principles of economic theory. However, unlike the generally accepted methodology, we will use the calculation algorithm proposed in [7, 8] , i.e., instead of the annual values of expenses and revenues that are change due to inflation and normalized by estimated year we will consider absolute annual values obtained by multiplying the initial estimated values, which do not take into account inflation, by i r) 1 ( (where r is the discount rate, i is the year number). With this, as a result of calculations, we immediately obtain the absolute values of the amounts of expenses and revenues required for the considered period. Taking into account the discount rate with const r , i.e. inflation is assumed to be constant during the considered period of time N YEARS = N INV + N OP , the condition of economic feasibility of investments (5) and the formula for the payback time (7) of costs takes the form [7, 8] The relations obtained are valid for any type of metrological activity. Further they will be concretized on the example of evaluation of the economic feasibility of investments in the creation (improvement) of the national primary measurement standards.
Algorithm for evaluation of the economic feasibility of financing the works on creation (improvement)
of the national primary measurement standard
The methodology described in § 3.1 of this paper and implemented in [9, 10] is used to substantiate the calculated algorithms. It is considered, that traceability to the primary measurement standard of the unit of measurement is provided either by the national primary standard (NPS) that has passed international comparisons and has CMCs in KCDB database (option 1), or -in cases where NPS has not been created (option 2), -by a reference (secondary) measurement standard of the country (RS). It is considered that such RS is calibrated abroad (the foreign measurement standard will be the source of the traceability through its CMCs). When determining the annual expenses for the top element of the measurement hierarchy, E MNPS and E MRS expenses for the maintenance (operation) of NPS or RS, respectively, E CRS expenses for calibration of RS abroad, and E CrNPS expenses for the creation of NPS are taken into account. R PNPS and R PRS revenues from performing calibrations using NPS or RS, respectively, are also taken into account. As for the possible E IRS expenses for the improvement of RS, as well as for E ICNPS expenses for international comparisons of NPS, they are not included to the annual balance, but are accounted separately in the overall balance for the total time of operation of the measurement standard. Within the considered model, the general condition (5) of economic feasibility in case of financing the works on creation (improvement) of the national primary measurement standard can be presented in the form [9, 10] .
where (2), (4) - (9)); E* IRS , E IRS -total expenses for the improvement of RS for the options 1 and 2, respectively; N Cr -years are needed to create NPS (investment period that corresponds to N INV in formulas (2), (4)- (9)); N O -years until created standards operated (operation period that corresponds to N OP in formulas (3) -(5), (8) , and it is obvious that (N Cr + N O ) corresponds to N YEARS ).
The stronger the inequality (10) is, the greater the economic feasibility for the creation of NPS. Costs payback time of creating the measurement standard, for which the general equation has the form (7), we obtain after transferring to the equality in (10) From the moment of time t, defined by the formula (11), the inequality (10) becomes true. In later moments of time, this inequality increases, reflecting an increase in cost savings for the maintenance of the highest element of the measurement hierarchy for the considered type of measurements. It is obvious that the savings obtained for N Cr + N O years are determined by the difference between the right and left side of inequality (10) . This method can also be used to validate the economic feasibility of improving NPS, if during its operation a need arises in reduced uncertainty of calibration from the measurement standard. NPS that had been working before this need arose will not be able to meet the new requirements in such a case, so this situation can be considered as a signal for a new selection of the best option in condition of absence of NPS. That is, it can be considered to address the question of what is exactly feasible in this situation: to improve the existing NPS, or to create a RS with the required metrological characteristics? For making such a choice the above algorithm is extremely suitable, using which in a given situation the word "creation" shall be replaced by "improvement", and all the expenses and revenues in the formulas (10), (11) to select taking into account the raised costs of the component parts and all works due to the higher accuracy requirements. Since during the improvement the certain elements of replaced NPS can be used, it is necessary to take this into account when determining the total costs for the improvement of this NPS.
As an example, we will show the results of evaluating the economic feasibility of costs for creating the national primary measurement standard of the unit of luminous flux. Expenses and revenues were evaluated in Ukrainian hryvnia (UAH). In accordance with the calculations performed, the payback time for the creation of the measurement standard is only 4.6 years, and the expected cost savings over the lifetime of the created measurement standard are about 1 million UAH. Exactly these performance indicators have played a crucial role in the decision on the creation of this national measurement standard, which is currently one of the most frequently used measurement standards of Ukraine.
Influence of inflationary processes on evaluation of economic feasibility and payback time
Mathematical models listed above (in § 3.2) have been designed with the assumption of fixed prices for works and services, including materials and components during the time period being considered (life cycle of the measurement standard), which includes the period of its creation and use. To take inflation into account using the scheme given in § 3.1, a discounting factor r is introduced to the annual expenses and revenues. As a result, formulas (10), (11) are transformed to the form It is not difficult to show that at r ĺ0 the relations (12) and (13) transfer into relation (10), (11), respectively (under condition of correct expansion of uncertainties occurred at such transfer). It results from the analysis (11), (13) we see that inflation accounting reduces time of the payback of expenses. At the same time, it is also confirmed by the results of time estimation of the payback of expenses while creating the national primary measurement standards at the NSC "Institute of Metrology". For example, it is shown, that inflation accounting reduces time of the payback of expenses for the creation of measurement standard of the unit of volumetric activity of radon by about 2.5 years, and for the measurement standard of luminous intensity such decrease makes for about 2 years. Such estimations are in accordance with the maintenance practice of the relevant measurement standards.
